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Polyphenolic Proteins 
L-3,4-dihydroxyphenyl-L-alanine, a  
unique catecholic amino acid； 
Contained in the biopolymers utilized  
by organisms in the process adhesion 
and quinone tanning； 
Marine organisms:  
  Common blue mussel 
  (Mytilus edulis) 
  Sea squirts 
  (Molgula manhattensis  
  and Styela plicata) 
 
Polyphenolic proteins extracted from M. edulis foot tissue 
 Yields 5 identified DOPA containing proteins: 
MeFp-1 (120 kDa, 13% DOPA) 
MeFP-2 (50 kDa, 3% DOPA) 
MeFP-3 (6 kDa, 20% DOPA) 
MeFP-4 (70 – 80 kDa, 4% DOPA) 
MeFP-5 (9.5 kDa, 30% DOPA) 
 
 Polyphenolic polypeptides extracted from Ascidians 
    Yields 3 Dopa containing polypeptides: 
      Mbcp-1,2 (Molgula manhattensis blood cell 
      polypeptide-1) and Sp-1 (Styela plicata-1) 
    Up to 40% DOPA content, 6-11kDa molecular weight; 
    Overall composition and sequence yet to be 
      determined; 
    Used as an adhesive and involved in formation of the 
      tunic. 
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Objectives 
1)  Determine the adsorption behavior of the 
polyphenolic proteins and polypeptides isolated from 
the blue mussel and the ascidians on high strength 
steel (HY80) and aluminum alloy (Al5083) metal 
powders;  
2)  Determine what functional groups present in each of 
the biopolymers are interacting with the metal surface 
Introduction 
Flash rusting is a significant problem for water 
jet cleaning or grit-blasting of high strength steel; 
Occurs on metal surfaces exposed to a humid 
environment over time period between cleaning 
and primer/paint coating; 
Increases cost and painting times by as much as 20%; 
Therefore there is a  need for an environmentally friendly corrosion  
inhibitor to promote adhesion of primer/paint coating system; 
Widespread biopolymers used by organisms in the formation of 
adhesives and protective coatings may be candidate inhibitors.  Preliminary Results 
 
Adsorption of Bovine Serum Albumin (BSA) and L-Dopa onto 
HY80 and Al5083 powder was measured as a baseline for 
comparison to L-Dopa containing biopolymers. The metal 
substrate in the form of a powder was used to allow for a 
larger surface area to detect the adsorption behavior. 
 



























Langmuir isotherm:                           Q=KNC/(1+KC)                   [1]   
C/Q=1/NK+C/N 
C – the equilibrium concentration of the adsorbate in the bulk solution; 
Q – the number of macromolecules adsorbed per unit surface area of adsorbent; 
N – the max number of adsorption sites per unit of surface area of adsorbent; 
K – the affinity that the adsorbate molecules have for the adsorption sites. 
A plot of C/Q versus C should yield a straight line, and N and K can be derived 
from the slope and the intercept of the line. Once N and K have been determined 
for an adsorbate, a theoretical adsorption isotherm can be calculated for the 
adsorbates based on Eq.[1]. When these calculated Q values are plotted versus 
the bulk solution concentrations at equilibrium, the resulting theoretical curve 
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Table1: Adsorption Parameters Calculated from Adsorption 
Isotherms of Each Adsorbate onto Metal Powder 
L-Dopa 





The calculation of the resulting N values for BSA and L-Dopa onto 
HY80 and Al5083 powder show that the adsorption behavior of a protein 
and a catecholic amino acid (L-Dopa) the 2 metal surfaces are different; 
More data points are needed to determine if the adsorption behavior 
can be adequately described by the Langmuir theory of adsorption; 
Experiments will be partially repeated (e.g.. L-Dopa/HY80, which has a 
low value of r2); 
Adsorption of polyphenolic proteins/polypeptides extracted from blue 
mussel and ascidians will be measured on the 2 metal substrates. 
 
 
 
 
 
 
 
